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TITLE OF THE INVENTION 

Method of Preparing Group m-V Compound Semiconductor 
Crystal 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention relates to a method of 
preparing a group m-V compound semiconductor crystal. 
Particularly, the present invention relates to a method of 
preparing a group m-V compound semiconductor crystal in 
10 which carbon is doped. 

Description of the Background Art 

Conventionally, there are various prior arts as set 
forth in the following regarding the method of preparing a 
group m-V compound semiconductor crystal in which carbon 
15 is doped. 

In Japanese Patent Laying-Open No. 64-79087 (referred 
to as "prior art 1" hereinafter), a method of preparing a 
carbon-doped GaAs single crystal according to the gradient 
freeze method or horizontal Bridgman method (HB method) is 
20 disclosed. 

Fig. 6 is a diagram for describing a method of 
preparing a carbon-doped GaAs single crystal according to 
prior art 1. 

Referring to Fig. 6, a graphite boat 51 as a carbon 
25 source is arranged at one side in a quartz ampoule 55. Raw 



material which is gallium (Ga) 52 is provided in graphite 
boat 51. Arsenic (As) 57 is provided at the other side in 
quartz ampoule 55. Quartz ampoule 55 is sealed in vacuum 
and then installed in an electric furnace to be heated. 
5 After the GaAs raw material is synthesized, the 

temperature is reduced maintaining a constant temperature 
gradient, whereby a GaAs single crystal is grown. 

The carbon of graphite boat 51 reacts with oxygen 
supplied from AS2O3, Ga20 and the like remaining in quartz 

10 ampoule 55 to result in gas of CO, CO2 and the like to be 
doped into the growing GaAs crystal. 

It is described that the doping amount of carbon can 
be controlled according to the total amount of oxygen in 
the sealed quartz ampoule 55, the synthesization reaction 

15 condition, or single crystal growth condition, and the 
like. 

In Journal of the Japanese Association of Crystal 
Growth, 1991, Vol. 18, No. 4, pp. 88-95 (referred to as 
"prior art 2 M hereinafter), a method of preparing a 
20 carbon-doped GaAs single crystal by the vertical gradient 
freeze method (VGF method) is disclosed. 

Fig. 7 is a diagram for describing a method of 
preparing a carbon-doped GaAs single crystal according to 
prior art 2 . 

25 Referring to Fig. 7, raw material 62 having carbon 




doped in advance, directly synthesized by the LEC method 
and boron oxide (B2O3) 64 are provided in a crucible 61 and 
sealed in vacuum in a quartz ampoule 65. This is installed 
in a vertical furnace and heated to melt the raw material 
5 and boron oxide. By reducing the temperature in the 

furnace while maintaining a constant temperature gradient, 
a GaAs single crystal is grown. 

Here, boron oxide containing water of 2 00ppm spreads 
around only the periphery of the upper surface of GaAs 

10 melt 62. The center area of the upper surface of GaAs melt 
62 is exposed to the ambient. According to the method of 
prior art 2, the upper surface of the melt must be exposed 
to the ambient to control the stoichiometry of the GaAs 
melt. The vapor pressure in quartz ampoule 65 is 

15 controlled by arsenic 67. 

According to this method, the carbon concentration of 
the crystal depends on the carbon concentration of the raw 
material . 

In U.S. Patent No. 4,999,082 (referred to as "prior 
20 art 3" hereinafter), a method of preparing carbon-doped 
GaAs single crystal by the vertical Bridgman method (VB 
method) is disclosed . 

Fig. 8 is a diagram for describing a method of 
preparing carbon-doped GaAs single crystal according to 
25 prior art 3. 



Referring to Fig. 8, a crucible 71 is filled with 
GaAs raw material 72. After carbon source 73 is arranged 
outside of crucible 71, a quartz ampoule 75 is sealed. 
Quartz ampoule 75 is placed in a vertical furnace and 
5 heated to melt the raw material. The furnace is moved 
upwards while substantially maintaining the set 
temperature profile. By solidifying the raw material from 
a seed crystal 7 7 , a GaAs single crystal is grown. 

According to this method, carbon source 7 3 is in 
10 fluid communication with compound raw material 72 to allow 
gas transfer . 

Japanese Patent Laying-Open No. 3-252399 (referred to 
as "prior art 4" hereinafter) discloses a method of 
preparing a semi-insulating GaAs substrate. 

15 Prior art 4 is characterized in that the impurity 

which becomes the acceptor is doped so as to result in 1—3 
xlO 15 atoms/cm 3 after subtracting the concentration of the 
impurity which becomes the donor in a GaAs crystal . 

Japanese Patent Laying-Open No. 2-74597 (referred to 

20 as "prior art 5" hereinafter) discloses a chromium-doped 
semi-insulating GaAs single crystal and a method of 
preparing thereof. This prior art 5 is characterized in 
that carbon is contained having a concentration nc that 
satisfies both the relations of: 

25 lxi0 15 cm" 3 ^n c <n s i and n s i-n c ^4.4xi0 15 cm" 3 



for the residual Si concentration of n s i remaining in the 
single crystal, with the resistivity of at least 10 6 Q«cm. 

The above-described prior art have various 
disadvantages. In prior art 1, boron oxide is not used. 
5 Therefore, impurity contamination can be expected. 

Furthermore, since the amount of the carbon source cannot 
be controlled in this method, it is difficult to control 
the carbon concentration. 

In prior art 2, carbon cannot be doped during the 

10 crystal growth since carbon source is not used. There is a 
problem that the carbon concentration cannot be adjusted 
during crystal preparation. Furthermore, a part of the 
carbon in the GaAs melt reacts with oxygen, that is 
generated as a result of the water in the boron oxide 

15 decomposing, to be lost as CO gas. There was a problem 
that the carbon concentration in the GaAs crystal is 
lowered . 

In prior art 3, it is difficult to control the carbon 
concentration since the carbon source is located outside 
20 the crucible. Furthermore, impurity contamination can be 
expected since boron oxide is not used. 

In prior art 4, carbon is recited as the impurity 
serving as the acceptor. However, only the doping of zinc 
and copper is disclosed as the example. There is no 
25 description of carbon doping. 



Prior art 5 describes a chromium-doped semi- 
insulating GaAs single crystal containing carbon. However, 
this prior art 5 is silent about the method of doping 
carbon. 

5 SUMMARY OF THE INVENTION 

In view of the foregoing, an object of the present 
invention is to provide a method of preparing in high 
reproducibility a group ni-V compound semiconductor crystal 
of favorable electrical characteristics having impurities 

10 removed, and in which the amount of doped carbon can 
easily be adjusted during crystal growth. 

According to an aspect of the present invention, a 
method of preparing a group m-V compound semiconductor 
crystal is provided. This method of preparing a group m-V 

15 compound semiconductor crystal having carbon doped 

includes the steps of: filling a crucible or boat with 
compound raw material, solid carbon, and boron oxide; 
sealing the crucible or boat filled with compound raw 
material, solid carbon, and boron oxide in an airtight 

20 vessel formed of a gas impermeable material; heating and 
melting the compound material in a sealed state in the 
airtight vessel; and solidifying the melted compound 
material to grow a carbon-doped compound semiconductor 
crystal. 

25 Since the crucible or boat is filled with compound 



raw material, solid carbon, and boron oxide according to 
the present invention, the boron oxide softened by heating 
is brought into contact with at least a portion of the 
solid carbon in the state where the compound raw material 
5 is melted. 

According to the present invention, the carbon 
concentration in the raw material does not have to be 
adjusted since carbon can be doped during crystal growth. 
Good controllability of the carbon concentration is 
10 obtained. In other words, the target carbon concentration 
can be obtained in high reproducibility. By using boron 
oxide which has an impurity removal effect, the 
contamination of impurities in the crystal can be 
suppressed to obtain a crystal of favorable electrical 
15 characteristics . 

Quartz or pBN (pyrolytic boron nitride) and the like 
can be enumerated as the gas impermeable material. 

Preferably, boron oxide contains water. 

This is because the water in boron oxide is essential 
2 0 to remove impurities. Furthermore, it is considered that 
the water in the boron oxide effects the incorporation of 
carbon into the crystal. 

Boron oxide preferably contains water of 10-500 wt 

ppm. 

25 In the present invention, the amount of solid carbon 



to be filled is preferably larger than the amount of 
carbon doped into the compound semiconductor crystal. 

This is to promote reaction using an excessive amount 
of carbon since the reaction rate of solid carbon is 
5 extremely low. Furthermore, consumption of the part of the 
solid carbon at the gas generation of the carbon compound 
must be supplied. Thus, by using solid carbon of an amount 
larger than the total amount of carbon doped into the 
crystal, the advantage of the present invention works 
10 effectively. 

Specifically, the amount of solid carbon must be at 
least ten times, preferably at least 100 times larger than 
the weight of the carbon doped into the crystal. 

In the present invention, it is preferred that the 
15 solid carbon is subjected to a heat treatment under 

reduced pressure before being filled in the crucible or 
boat . 

By this process, the impurity element remaining in 
carbon is removed to result in a crystal of higher purity. 

20 The pressure in applying a heat treatment on carbon 

is preferably from 1 Torr to lxiO _8 Torr. The appropriate 
temperature of the heat treatment is 500°C-2000°C . The 
above-described effect can be obtained by carrying out the 
heat treatment for at least one hour. It was found that a 

25 greater effect can be obtained as the time for the heat 



treatment becomes longer . However, there is very little 
change in the effect when the time for the heat treatment 
exceeds 12 hours. Considering that the cost for production 
is increased as the time for the heat treatment becomes 
5 longer, the time period for the heat treatment of not more 
than 12 hours is appropriate. 

In the present invention, it is preferable to keep 
the compound raw material in its melted state for a 
certain time period before it is solidified for crystal 
10 growth. 

By this process, the impurities of Si and the like in 
the GaAs polycrystalline raw material can be removed by 
gettering with boron oxide. Although Si of approximately 1 
Xl0 16 cm" 3 is included as impurities in the raw material 

15 synthesized by the HB method, the amount of Si in the GaAs 
subjected to the above-described process is less than ix 
10 15 cm" 3 , which is below the detection limit of an analyzer. 
Si of an amount over lxi0 15 cm~ 3 was detected from those 
not subjected to the above-described process. 

20 Thus, carbon can be sufficiently melted in the GaAs 

melt from the solid carbon by the above-described process. 
This process also provides the advantage that the 
temperature of the GaAs melt is stabilized, and the carbon 
concentration and impurity concentration in the melt can 

25 be made uniform. 



The above-described effect can be obtained when the 
holding time period in the melted state of raw material is 
at least 3 hours. Further favorable characteristics can be 
obtained stably when the holding time is at least 6 hours. 
5 Although a greater effect can be obtained as the holding 
time becomes longer, the degree of change in the effect 
gradually becomes smaller when the holding time period 
exceeds 36 hours. There is very little change in the 
effect when the holding time exceeds 72 hours. Considering 

10 that the cost for production becomes higher as the holding 
time is increased, the holding time is preferably not more 
than 72 hours, further preferably not more than 36 hours. 

In the present invention, powder carbon can be used 
as the solid carbon. 

15 Powder carbon is advantageous in promoting the 

reaction due to its greater specific surface area. 
Increase in the reaction speed allows carbon to be doped 
efficiently in the crystal. 

Also, the amount of carbon to be doped into the 

20 crystal can easily be adjusted according to the grain size, 
the weight, and the like of the used powder. For example, 
powder of a smaller grain size has a greater specific 
surface area to increase the reaction speed, whereby the 
amount of doped carbon is increased. 

25 Therefore, the grain size of the powder carbon is 
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preferably smaller. More specif ically, the average grain 
size is preferably not more than lOOjam, more preferably 
not more than 50|im. When powder carbon is used, the powder 
carbon spreads in the boron oxide softened by heating in 
5 the state where the compound raw material is melted. 

In the present invention, fiber carbon, as well as 
powder carbon, can be used as the solid carbon . 

Fiber carbon is advantageous in that the diameter of 
the fiber is small and a greater surface area can be 

10 obtained to result in a faster reaction speed. It is 
therefore possible to dope carbon into the crystal 
efficiently. Also, the amount of carbon doped into the 
crystal can easily be adjusted according to the diameter 
or weight of the fiber that is used. Uniform distribution 

15 of the carbon concentration can be obtained from the 

shoulder to the tail of the prepared crystal when fiber 
carbon is used . 

The diameter of the fiber carbon is preferably 
smaller. Specifically, the average diameter is preferably 

20 not more than 50|^m, more preferably not more than lOjim. 

Usage of fiber carbon allows carbon to spread in 
boron oxide that is softened by heating in the state where 
the compound raw material is melted. Also, the carbon can 
float above boron oxide to be exposed to the ambient. 

25 In the present invention, bulk carbon can be used as 



solid carbon, in addition to powder carbon and fiber 
carbon. 

Bulk carbon is advantageous in that the amount of 
carbon to be doped in the crystal can easily be adjusted 
5 by the weight and configuration of the carbon used. 
Uniform distribution of carbon concentration can be 
obtained from the shoulder to the tail of the prepared 
crystal when bulk carbon is used. 

Bulk carbon is preferably used in a disk shape that 
10 is smaller than the inner diameter of the crucible. The 
amount of doped carbon can easily be controlled by the 
diameter of the disk. 

The bulk solid carbon is preferably a sintered 
compact of carbon powder. The reaction speed is 
15 particularly high for the sintered compact of powder 
having high porosity. Sintered carbon powder is 
advantageous in distributing carbon uniformly in the 
crystal . 

When bulk solid carbon is used, a state can be 
20 obtained in which at least a portion of the bulk solid 
carbon is immersed in the softened boron oxide. 

In the present invention, the crucible or boat is 
preferably formed of pBN (pyrolytic boron nitride) . 
Depending upon the constituent element of the 
25 crucible or boat, there is a possibility that boron oxide 
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or carbon reacts with the crucible to induce contamination 
of the raw material melt. pBN is most appropriate as the 
material of the crucible or boat to suppress reaction with 
boron oxide or carbon. 
5 The present invention is particularly effective as a 

method of doping carbon into a GaAs crystal. 

The foregoing and other objects, features, aspects 
and advantages of the present invention will become more 
apparent from the following detailed description of the 
10 present invention when taken in conjunction with the 
accompanying drawings . 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram for describing an example of a 
method of preparing a group m-V compound semiconductor 
15 crystal according to the present invention. 

Fig. 2 is a diagram showing the state of carrying out 
crystal growth using a vertical furnace. 

Fig. 3 is a diagram for describing another example of 
a method of preparing a group ffl-V compound semiconductor 
2 0 crystal according to the present invention. 

Fig. 4 is a diagram for describing a further example 
of a method of preparing a group ffl-V compound 
semiconductor crystal according to the present invention. 

Fig. 5 is a diagram for describing each portion of a 
25 crystal. 



Fig, 6 is a diagram for describing a method of 
preparing a carbon-doped group III-V compound semiconductor 
crystal single crystal according to an example of prior 
art . 

5 Fig. 7 is a diagram for describing a method of 

preparing a carbon-doped group m-V compound semiconductor 
crystal single crystal according to another example of 
prior art . 

Fig. 8 is a diagram for describing a method of 
10 preparing a carbon-doped group m-V compound semiconductor 
crystal single crystal according to a further example of 
prior art. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Example 1 

15 Fig. 1 is a diagram for describing an example of 

preparing a group m-V compound semiconductor crystal 
according to the present invention. 

Referring to Fig. 1, GaAs polycrystalline raw 
material 2, carbon powder 13 subjected to heat treatment 

20 under reduced pressure in advance, boron oxide (B2O3) 4, 

and a seed crystal 7 were placed in a pBN crucible 1. The 
seed crystal was placed at the bottom portion of the 
crucible 1. In crucible 1, arrangement was provided so 
that carbon powder 13 and boron oxide 4 were brought into 

25 contact with each other, and also boron oxide 4 and raw 



material 2 were brought into contact with each other when 
the raw material was melted. 

Crucible 1 was inserted in a quartz ampoule 5 
together with solid arsenic. Ampoule 5 was sealed under 
5 reduced pressure with a quartz cap 6 . 

Respective conditions of Example 1 are shown in the 
following Table 1. 



Table 1 



GaAs 

polycrystal 
(raw material) 


3kg used 


Carbon powder 


350 mesh (grain size 45jim and below), 
lOOmg used 

Heat treatment at 1000°C for 6 hours at 
the pressure of 10" 2 Torr 


B 2 0 3 


Water concentration 50 wt ppm, 50g used 


pBN crucible 


Inner diameter 80mm, entire length 250mm 


Solid arsenic 


lg used 



10 

Referring to Fig. 2, the above-described quartz 
ampoule 5 was heated at the rate of approximately 
200°C/hour by a heater 8 using a vertical furnace 50. 

During this process of heating, boron oxide 4 was 
15 softened and melted. Also, GaAs polycrystalline raw 
material 2 was melted . 

At this time point, boron oxide 4 was present as a 
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film 4a having a thickness of less than 1mm between pBN 
crucible 1 and GaAs raw material melt 2 . The remainder of 
boron oxide 4 covered the upper surface of GaAs melt 2. 
The thickness of the boron oxide layer 4b covering the 
5 upper surface of GaAs melt 2 was approximately 5mm. Carbon 
powder 13 was dispersed in this boron oxide layer 4b. 

The condition mentioned above was kept for 
approximately 36 hours. 

Then, heater 8 was moved upwards at the rate of 
10 4mm/hour, whereby solidification started from the portion 
of seed crystal 1. Thus, a single crystal was grown. The 
characteristics of the obtained single crystal is shown in 
the following Table 2. 

15 Table 2 



Crystal diameter 


80mm 


Length of <|>80mm portion 


100mm 


Carbon concentration 


Shoulder 


1.4X10 15 cm- 3 


Tail 


0.8X10 15 cm" 3 


Resistivity 


Shoulder 


2.9X10 7 ncm 


Tail 


1.5X10 7 Qcm 


Dislocation density 


Shoulder 


900cm" 2 


Tail 


1200cm" 2 



In the present specification, the "shoulder" and 
"tail" of a crystal corresponds to the relevant portions 
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shown in Fig. 5 . 

The role of solid arsenic (As) sealed under reduced 
pressure in the quartz ampoule in the present example is 
set forth in the following. 
5 The dissociation pressure at the melting point of 

GaAs is approximately 1 atm. When GaAs is melted, the 
airtight vessel is filled with As vapor of approximately 1 
atm at the temperature of the melting point. This As vapor 
is generated as a result of the GaAs melt being decomposed. 

10 Therefore, the composition of the GaAs melt is shifted 
from the original composition of Ga:As=l:l to Ga rich 
composition. By sealing solid arsenic in the quartz 
ampoule in addition to GaAs, the shift from the 
composition of Ga:As=l:l caused by decomposition of the 

15 GaAs melt can be suppressed. 

Example 2 

Fig. 3 is a diagram for describing another example of 
a method of preparing a group III-V compound semiconductor 
crystal of the present invention . 

20 Referring to Fig. 3, GaAs polycrystalline raw 

material 2, carbon fiber 23 subjected to heat treatment 
under reduced pressure in advance, boron oxide 4, and a 
seed crystal 7 were placed in a pBN crucible 1. Seed 
crystal 7 was placed at the bottom portion of the crucible 

25 1. In crucible 1, arrangement was provided so that carbon 
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fiber 2 3 and boron oxide 4 were brought into contact with 
each other and also boron oxide 4 and raw material 2 were 
brought into contact with each other when the raw material 
was melted. 

5 Crucible 1 was inserted in a quartz ampoule 5 

together with solid arsenic. Quartz ampoule 5 was sealed 
under reduced pressure with a quartz cap 6. 

Respective conditions of Example 2 are shown in the 
following Table 3, 

10 

Table 3 



GaAs 

polycrystal 
(raw material) 


10kg used 


Carbon fiber 


Average diameter 5-8|im, 40mg used, 
Heat treatment at 800°C for 3 hours at 
the pressure of 10" 7 Torr 


B 2 0 3 


Water concentration 7 0 wt ppm, lOOg used 


pBN crucible 


Inner diameter 105mm, entire length 400mm 


Solid arsenic 


1.5g used 



Quartz ampoule 5 was heated at the rate of 
approximately 12 0°C/hour by a heater 8 using a vertical 
15 furnace 50, as shown in Fig. 2, 

During the process of heating, boron oxide 4 was 
softened and melted. Also, GaAs polycrystalline raw 
material 2 was melted. 
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At this time point, boron oxide 4 was present as a 
film 4a having a thickness of not more than 1mm between 
pBN crucible 1 and GaAs melt 2. The remainder of boron 
oxide 4 covered the upper surface of the GaAs melt. This 
boron oxide layer 4b covering the upper surface of GaAs 
melt 2 was approximately 5mm. The carbon fiber 2 3 was 
partially dispersed in boron oxide layer 4b on GaAs melt 2, 
and partially floated. Furthermore, a portion of carbon 
fiber 23 was present also at the proximity of the 
interface between GaAs melt 2 and boron oxide layer 4b. 

Then, the condition mentioned above was kept for 
approximately 12 hours . 

Then, heater 8 was moved upwards at the rate of 
3mm/hour, whereby solidification started from the portion 
of seed crystal 7. Thus, a single crystal was grown. The 
characteristics of the obtained single crystal are shown 
in the following Table 4. — — ^ 



Table 4 



Crystal diameter 


105mm 


Length of cj>105mm portion 


200mm 


Carbon concentration 


Shoulder 


6.5X10 15 cm" 3 


Tail 


7.0X10 15 cm" 3 


Resistivity 


Shoulder 


4.1X10 8 Qcm 


Tail 


5.0X10 8 Qcm 


Dislocation density 


Shoulder 


800cm" 2 


Tail 


1500cm* 2 



Example 3 

A carbon-doped GaAs single crystal was grown using 20 
5 mg of carbon fiber similar to that of Example 2. 

The other conditions of the experiment are identical 
to those of Example 2, and their description will not be 
repeated . 

The characteristics of the obtained single crystal 
10 are shown in the following Table 5. 



Table 5 



Crystal diameter 


105mm 


Length of <|>105mm portion 


200mm 


Carbon concentration 


Shoulder 


2.3X10 15 cm" 3 


Tail 


2.2X10 15 cm" 3 


Resistivity 


Shoulder 


8.8X10 7 Qcm 


Tail 


8.4X10 7 f2cm 


Dislocation density 


Shoulder 


1000cm -2 


Tail 


1800cm" 2 
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Example 4 

A carbon-doped GaAs single crystal was grown using 
7.5mg of carbon fiber similar to those of Examples 2 and 3. 
The other conditions are identical to those of 
5 Examples 2 and 3, and their description will not be 
repeated. 

The characteristics of the obtained single crystal 
are shown in the following Table 6. 

10 Table 6 



Crystal diameter 


105mm 


Length of <j)105mm portion 


200mm 


Carbon concentration 


Shoulder 


1.3X10 15 cm- 3 


Tail 


1.2X10 15 cnT 3 


Resistivity 


Shoulder 


2.5X10 7 ficm 


Tail 


2.3X10 7 ficm 


Dislocation density 


Shoulder 


1500cm- 2 


Tail 


2000cm" 2 



It is appreciated from Examples 2 , 3 and 4 that the 
carbon concentration in the crystal can easily be adjusted 
by just adjusting the amount of solid carbon to be doped 
15 according to the present invention. 

Example 5 

Fig. 4 is a diagram for describing another example of 
a method of preparing a group m-V compound semiconductor 
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crystal according to the present invention. 

Referring to Fig . 4 , GaAs polycrystalline raw 
material 2, a disk 43 made of sintered carbon powder 
subjected in advance to a heat treatment under reduced 
5 pressure,, boron oxide 4, and a seed crystal 7 were placed 
in a pBN crucible 1. Seed crystal 7 was placed at the 
bottom portion of the crucible 1. In crucible 1, 
arrangement was provided so that carbon disk 43 and boron 
oxide 4 were brought into contact with each other, and 
10 also boron oxide 4 and raw material 2 were brought into 

contact with each other when the raw material was melted. 

This crucible 1 was inserted in a quartz ampoule 5 



together with solid arsenic. Quartz ampoule 5 was sealed 
under reduced pressure using quartz cap 6. 
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Table 7 



GaAs 

polycrystalline 
raw material 


3kg used 


Carbon disk 


Diameter 30mm, thickness 10mm used 

Heat treatment at 1500°C for 12 hours at 

the pressure of 1 Torr 


B2O3 


Water concentration 300 wt ppm, 50g used 


pBN crucible 


Inner diameter 80mm, entire length 250mm 


Solid arsenic 


lg used 



The above-described quartz ampoule 5 was heated at 
the rate of approximately 200°C/hour by heater 8 using 
5 vertical furnace 50 . 

During the process of heating, boron oxide 4 was 
softened and melted. Also, GaAs polycrystalline raw 
material 2 was melted . 

At this time point, boron oxide 4 was present as a 
10 film 4a having a thickness of less than 1mm between pBN 

crucible 1 and GaAs melt 2. The remainder of boron oxide 4 
covered the upper surface of GaAs melt 2. The thickness of 
the boren oxide layer 4b covering the upper surface of 
GaAs melt 2 was approximately 6mm, Carbon disk 43 had its 
15 bottom surface in contact with raw material melt 2, and 

its top surface exposed to the ambient . The side surface 
thereof was surrounded by boron oxide layer 4b. 

The condition mentioned above was kept for 



approximately 6 hours . 

Then, heater 8 was moved upwards at the rate of 
4mm/hour, whereby solidification started from the portion 
of seed crystal 7. Thus, a single crystal was grown. The 
5 characteristics of the obtained single crystal are shown 
in the following Table 8. 



Table 8 



Crystal diameter 


80mm 


Length of <J>80mm portion 


100mm 


Carbon concentration 


Shoulder 


6.8X10 15 cm" 3 


Tail 


7.1X10 15 citT 3 


Resistivity 


Shoulder 


4.5X10 8 Qcm 


Tail 


5.2X10 8 Qcm 


Dislocation density 


Shoulder 


1200cm" 2 


Tail 


1500cm- 2 



10 In a semi-insulating GaAs crystal, the resistivity is 

one of the most important characteristics. It is 
preferable that variation in resistivity is smaller. 
Furthermore, since this resistivity value depends on the 
carbon concentration in the GaAs crystal, variation in the 

15 carbon concentration in the crystal should be as small as 
possible . 

In the above-described examples where carbon fiber or 
bulk carbon was used as the solid carbon, the carbon was 
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doped substantially uniformly from the shoulder to the 
tail of the crystal. It is appreciated that carbon fiber 
and bulk carbon are preferable as solid carbon sources. 
The shape of bulk carbon is not limited to the disk shape 
shown in Example 5, and any shape can be used. Also, bulk 
carbon is preferably a sintered compact of carbon powder. 

Comparison of the effect of the present invention 
depending upon difference in the type of solid carbon is 
shown in the following Table 9 . 



Table 9 

Difference in effect among powder, fiber, and bulk carbon 



Type of solid carbon 


Carbon distribution in a crystal 
from shoulder to tail 


Carbon powder 


Gradual decrease of carbon from 
shoulder to tail 


Carbon fiber 


Uniform distribution of carbon 
from shoulder to tail 


Bulk carbon 


Uniform distribution of carbon 
from shoulder to tail 



Comparison of the carbon concentration in a GaAs 
crystal between the present invention and the prior art is 
shown in the following Table 10. 



Table 10 

Comparison of carbon concentration in GaAs crystal 





Carbon concentration 
(cm -3 ) 


Shoulder 


Tail 


Present 
invention 


Carbon powder 


1.4 X10 15 


0.8X10 15 


Carbon fiber 


Example 2 


6.5X10 15 


7.0X10 15 


Example 3 


2.3X10 15 


2.2X10 15 


Example 4 


1.3X10 15 


1.2 X10 15 


Carbon disk 


6.8X10 15 


7.1X10 15 


Prior art 


Prior art 2 


0.5X10 15 


0.4X10 15 


Prior art 3 


2.2X10 15 


1.4X10 15 



Although the present invention has been described and 
illustrated in detail, it is clearly understood that the 
same is by way of illustration and example only and is not 
to be taken by way of limitation, the spirit and scope of 
the present invention being limited only by the terms of 
the appended claims . 



WHAT IS CLAIMED IS: 

1. A method of preparing a group m-V compound 
semiconductor crystal having carbon doped, comprising the 
steps of: 

filling a crucible or a boat with compound raw 
5 material, solid carbon, and boron oxide, 

sealing said crucible or boat filled with said 
compound raw material, said solid carbon, and said boron 
oxide within an airtight vessel formed of a gas 
impermeable material, 
10 heating and melting said compound material in the 

sealed state within said airtight vessel, and 

solidifying said melted compound material to grow a 
carbon-doped compound semiconductor crystal. 

2. The method of preparing a group m-V compound 
semiconductor crystal according to claim 1, wherein said 
step of heating and melting the compound material 
comprises the step of heating and melting said boron oxide 

5 to bring the heat-melted boron oxide into contact with at 
least a portion of the solid carbon, 

3. The method of preparing a group ni-V compound 
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semiconductor crystal according to claim 1, wherein said 
gas impermeable material comprises a material selected 
from the group consisting of quartz and pBN . 

4. The method of preparing a group n-V compound 
semiconductor crystal according to claim 1, wherein said 
boron oxide contains water, 

5. The method of preparing a group m-V compound 
semiconductor crystal according to claim 4, wherein said 
boron oxide contains water of 10-500 wt ppm. 

6. The method of preparing a group m-V compound 
semiconductor crystal according to claim 1, wherein an 
amount of said filled solid carbon is larger than the 
amount of carbon doped into said compound semiconductor 

5 crystal, 

7. A method of preparing a group m-V compound 
semiconductor crystal according to claim 6, wherein the 
amount of said filled solid carbon is at least 10 times 
larger than the amount of carbon doped into said compound 

5 semiconductor crystal. 

8. The method of preparing a group m-V compound 
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semiconductor crystal according to claim 1, wherein said 
solid carbon is subjected to a heat treatment under 
reduced pressure before filling said crucible or boat. 

9. The method of preparing a group m-V compound 
semiconductor crystal according to claim 8, wherein said 
heat treatment is carried out for 1 hour to 12 hours at a 
temperature of 500°C-2000°C under a pressure of 1 Torr - 1 

5 X10' 8 Torr. 

10. The method of preparing a group m-V compound 
semiconductor crystal according to claim 1 , wherein said 
melted compound raw material is kept in a melted state for 
a certain time period before being solidified to grow a 

5 crystal. 

11. The method of preparing a group m-V compound 
semiconductor crystal according to claim 10, wherein said 
melted compound raw material is kept in a melted state for 
3-72 hours. 

12. The method of preparing a group in — V compound 
semiconductor crystal according to claim 1 , wherein said 
solid carbon comprises powder carbon. 
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13. The method of preparing a group ffl-V compound 
semiconductor crystal according to claim 12 , wherein said 
powder solid carbon has a grain size of not more than 
lOO^m. 

14. The method of preparing a group m-V compound 
semiconductor crystal according to claim 1, wherein said 
solid carbon comprises fiber carbon. 

15. The method of preparing a group m-V compound 
semiconductor crystal according to claim 14, wherein said 
fiber solid carbon has an average diameter of not more 
than 50 jim. 

16. The method of preparing a group m-V compound 
semiconductor crystal according to claim 1, wherein said 
solid carbon comprises bulk carbon. 

17. The method of preparing a group m-V compound 
semiconductor crystal according to claim 16 , wherein said 
bulk solid carbon has a disk shape smaller than an inner 
diameter of said crucible. 

18. The method of preparing a group in-V compound 
semiconductor crystal according to claim 16, wherein said 
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bulk solid carbon comprises a sintered compact of carbon 
powder . 



19, A method of preparing a group ni-V compound 
semiconductor crystal according to claim 1, wherein said 
crucible or boat comprises pBN. 

20. The method of preparing a group HI-V compound 
semiconductor crystal according to claim 1, wherein said 
group in-V compound semiconductor crystal comprises a GaAs 
crystal . 
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ABSTRACT OF THE DISCLOSURE 

A method of preparing in high reproducibility a group 
m-V compound semiconductor crystal of favorable electrical 
characteristics with impurities removed, and in which the 
5 amount of doped carbon can be adjusted easily in crystal 
growth is provided. This method of preparing a carbon- 
doped group ni-V compound semiconductor crystal includes 
the steps of: filling a crucible with compound raw 
material, solid carbon, and boron oxide; sealing the 

10 crucible filled with compound material, solid carbon, and 
boron oxide within an airtight vessel formed of a gas 
impermeable material; heating and melting the compound 
material under the sealed state in the airtight vessel; 
and solidifying the melted compound material to grow a 

15 carbon-doped compound semiconductor crystal. 
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Case: 3442 



Declaration and Power of Attorney For Patent Application 

Japanese Language Declaration 



As a below named inventor, I hereby declare that: 



My residence, post office address and citizenship are as stated 
below next to my name, 

I believe 1 am the original, first and sole inventor (if only one 
name is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter which is 
claimed and for which a patent is sought on the invention entitled 



Method of Preparing Group III-V 



Compound Semiconductor Crystal 



*i(Dttft$\W% the specification of which 

(check one) 

□ Z CC ^ft~f o §T| is attached hereto. 

□ 0 (C tB£I#-§- □ was filed on as 



~ t L TJSfcB b , Application Serial No. 

Bt-filEL 7c o and was amended on . 



mmtZmiH) (if applicable) 



*/ 1+ — ^ l- x.nidjT r + «*-»/Tx»*m 1 hereby state that I have reviewed and understand the con- 

tt^H-iaBO) t *s » ffilE L fc»«XOttSB « a t. »j aBWfll {en{s J {hQ above jdentjfjed specification , inc | uding tne claimSi 

*£> 1*3^ £ stf L . if ft? LtcZtZ ffi&t Z> o as amended by any amendment referred to above. 

***RfflBir±db*sg7*irss- -^^ccrfe. tS/-'¥ 1 acknowledge the duty to disclose information which is ma- 

%Mi. mnmmmmmi/t&m i^^56^ JBMlEiV teria( to tne examination of this application in accordance with 

*gSC0#*tCpifgcOtS$gS: mTjst^ifflkttt % d t € Title 37, Code of Federal Regulations, §1.56. 



Form PTO-FB-265 (8-83) 



rev. (2-92) 



Page 1 of 3 
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^Japanese Language Declaration 

5 : 

Prior foreign applications 



I hereby claim foreign priority benefits under Title 35, United 
States Code, §1 19 of any foreign application(s) for patent or 
inventor's certificate listed below and have also identified 
below any foreign application for patent or inventor's certifi- 
cate having a filing date before that of the application on 
which priority is claimed: 



Priority claimed 



8-107009 Pat. 


Japan 


26/April/1996 


(Number) 


(Country) 


(Day/Month/Year Filed) 


(# 


m *) 




(Number) 


(Country) 


(Day/Month/Year Filed) 


(# ^) 


(H *) 




(Number) 


(Country) 


(Day/Month/Year Filed) 


(# Jf) 


(B *) 





Yes 
ft ^ 



Yes 
ft U 



4U 



vJo 
4 0 



fAti, £ftBj£ft!K35ffiSR120 Sfeic t> t -3 < TI3<*>£* 
H*SfraiW<D#iJi4*±»U *E<&HI:#<DIBHftJ»lcl3tt 

SI CO di SI B fc *P<DBi*att»P BSfcllPCT S^ffiSI B <7) 

rate a** nfca»«HU*«iB37S« i ^^56^ n 

& : 



I hereby claim the benefit under Title 35, United States Code, 
§120 of any United States application(s) listed below and, 
insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States appli- 
cation in the manner provided by the first paragraph of Title 
35, United States Code, §112, I acknowledge the duty to 
disclose material information as defined in Title 37, Code of 
Federal Regulations, §1.56- which occurred between the 
filing date of the prior application and the national or PCT 
international filing date of this application: 



(Application Serial No.) 



(Filing Date) 
OtiPB) 



(Status) 
(patented, pending, 
abandoned) 



(Application Serial No.) 



(Filing Date) 

(a«B> 



(Status) 
(patented, pending, 
abandoned) 



m iz%4 uttt^cf ti& mwmm £ s 9 z.tif#>zzt 



I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on infor- 
mation and belief are believed to be true; and further that 
these statements were made with the knowledge that willful 
false statements and the like so made are punishable by fine 
or imprisonment, or both, under Section 1 001 of Title 1 8 of 
the United States Code and that such willful false statements 
may jeopardize the validity of the application or any patent 
issued thereon. 
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POWER OF ATTORNEY: As a named inventor, I hereby 
appoint the following attorney(s) and/or agent(s) to prosecute 
this application and transact all business in the Patent and 
Trademark Office connected therewith, (list name and reg- 
istration number) 

W. G. Fasse - Reg. No.: 21187 
W. F. Fasse - Reg. No.: 36132 



Send Correspondence to: w. G • Fasse 
Indian Pond Lane, P. O. Box K 
St. Albans, Maine 04 971 
U. S. A. 



Direct Telephone Calls to: (name and telephone number) 
W. G. Fasse - (207) 938-4422 





Full name of sole or first inventor 
Tomohiro KAWASE 




Inventor's signature Date 
JomoA^O K-OWLLM A P ril 21 ' 1997 




Residence 
Hyogo, Japan 


his 


Citizenship 
Japanese 




Post Office Address 

c/o Itami Works of Sumitomo Electric 




Industries, Ltd., 1-1, Koyakita 1-chome, 
I tami-shi , Hyoqo , Japan 


SR2(D*H«W#<DK:* (»£-«-*»&) 


Full name of second joint inventor, if any 
Masami TATSUMI 


IMB2*W#0*fe 0ft 


Second Inventor's signature JL ^ ^ Date 
MolsC^hT 7kJ7u^i, April 21, 1997 




Residence 
Hyogo , Japan 


HI* 


Citizenship 
Japanese 




Post Office Address 

c/o Itami Works of Sumitomo Electric 




Industries, Ltd., 1-1, Koyakita 1-chome, 
1 I tami-shi „ Hvoqo. Japan 
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